The production of charmed and beauty hadrons in proton-proton and proton-antiproton collisions at high energies is analyzed within the modified quark-gluon string model (QGSM) including the internal motion of quarks in colliding hadrons. It is shown that using both the QGSM and NLO QCD one can describe the experimental data rather successfully in a wide region of transverse momenta. We also present some predictions for the future experiments on the beauty baryon production in pp collisions at LHC energies and on the charmed meson production inpp reactions at GSI energies.
Introduction
Various approaches of perturbative QCD including the next-to-leading order calculations (NLO QCD) have been applied to analyze the heavy flavour particle production in hadron reactions at high energies.
Such reactions are usually analyzed within the hard parton scattering model (HPSM) suggested in [1, 2] . This model was applied to the charmed meson production both in proton-proton and meson-proton interactions at high energies, see for example [3] . The HPSM is significantly improved by applying the QCD parton approach [4, 5] , see details in [6] and references therein. Unfortunately the QCD approach including the NLO has some uncertainties related to the renormalization parameters especially at small transverse momenta p t [6] .
In this paper we study the charmed and beauty meson production within the QGSM [7] or the dual parton model (DPM) [8] in pp and pp collisions at high energies based on the 1/N expansion in QCD [9, 10] . We show that this approach can be applied rather successfully at not very large values of p t . In addition, we investigate the open charm and beauty baryon production in pp collisions at LHC energies and very small p t within the QGSM to find new information on the sea charmed and beauty quark distributions in the proton. And at the end of the paper we use this approach to analyze the charmed meson production in the pp collision at not large energies because the obtained results would be very interesting for the future experiments at the GSI (Darmstadt) planned by the PANDA Collaboration.
2. Charmed and beauty hadron production in pp collisions at high energies
Heavy flavour meson production
First, let us analyze the D and B meson production in the pp collisions within the QGSM including the transverse motion of quarks and diquarks in colliding protons [11] . As is known, the cylinder type graphs for the pp collision presented in Fig.1 make the main contribution to this process [7] . The left diagram of Fig.1 , the so-called one-cylinder graph, corresponds to the case where two colorless strings are formed between the quark/diquark (q/qq) and the diquark/quark (qq/q) in colliding protons; then, after their breakup,pairs are created and fragmentated to a hadron, for example, D meson. The right diagram of Fig.1 , the so-called multicylinder graph, corresponds to creation of the same two colorless strings and many strings between sea quarks/antiquarks q/q and sea antiquarks/quarksq/q in the colliding protons. The general form for the invariant inclusive hadron spectrum within the QGSM is [12, 11] 
where E, p are the energy and the threemomentum of the produced hadron h in the laboratory system (l.s.) of colliding protons, E * , s are the energy of h and the square of the initial energy in the c.m.s of pp; x and p t are the Feynman variable and the transverse momentum of h; σ n is the cross section for production of the n-Pomeron chain (or 2n quark-antiquark strings) decaying into hadrons, calculated within the "eikonal approximation" [13] , the function φ n (x, p t ) has the following form [11] :
and
Here τ means the flavor of the valence (or sea) quark or diquark,f
is the quark distribution function depending on the longitudinal momentum fraction x ′ and the transverse momentum k t in the n-Pomeron
is the fragmentation function (FF) of a quark (antiquark) or diquark of flavour τ into a hadron h (D meson in our case). We present the quark distributions and the FF in the factorized formsf τ (x, k t ) = f τ (x)g τ (k t ), and, according to [15] ,G τ →h (z, k t ; p t ) = G τ →h (z)g τ →h (k t ), wherek t = p t − zk t . We take the quark distributions f τ (x) and the FF G τ →h (z) obtained within the QGSM from [12, 16, 17] , whereas their k t distributions are chosen in the form suggested in [14, 15] (see the details in [6] )
where
After the integration of eq. (4) over d 2 k t we have, according to [15] ,
The function B z also can be presented in the equivalent form B z = B q /(ρ + nz 2 ), whereρ = B q /B c . The differential cross section dσ/dp 2 t for D mesons produced in pp col-lisions is written in the form [12] dσ dp 2
To describe the experimental data on the p tspectra in the p t region where the NLO QCD calculation has a big uncertainty we choseρ = 7 both for the Tevatron and the LHC energies. When B c < 1 (GeV/c) −1 , Eq. (7) can be approximately presented in the formg [19] . This form is similar to the form for the FF of heavy quarks obtained within the perturbative QCD. Note that the function I n (z, p t ) in Eq. (8) was obtained in [15, 11] on the assumption of the consequent sharing of the transverse momentum p t in the proton (antiproton) between n-Pomeron chains. It allowed us to describe rather satisfactorily the experimental data on the inclusive p t spectra of charmed and beauty mesons produced in pp collisions at moderate values of the transverse momentum p t < 10 GeV/c [6] . As is shown in [15] , this version of the QGSM describes rather satisfactorily the experimental data on inclusive spectra of D mesons produced in pp collisions at √ s = 27.4 GeV. It allows us to make the predictions for inclusive p t spectra of D 0 and B + mesons produced in the pp collision at LHC energies and compare our results with the NLO QCD calculation for the produced charmed quarks [18] , see Figs.2, 3. The solid lines in Figs.2, 3 correspond to our calculations within the QGSM, whereas the hatched regions show the calculations within the NLO QCD including uncertainties [18] . A big difference between the QGSM and NLO QCD calculations at p t > 10 GeV/c for D and B mesons can be due to the following. First, the NLO QCD calculation [18] does not include the hadronization of quarks to heavy mesons, whereas the QGSM calculation includes it. Second, we do not include the contribution of gluons and their hard scatterings off quarks and gluons which can be sizable at large values of p t .
Heavy flavor baryon production
Now let us analyze the charmed and beauty baryon production in the pp collision at LHC en- [6] and the NLO QCD for c quarks [18] . ergies and very small p t within the soft QCD, e.g., the QGSM. This study can be interesting for it may allow predictions for future LHC experiments like TOTEM and ATLAS and an opportunity to find new information on the distribution of sea charmed (c) and beauty (b) quarks at very low Q 2 . According to the QGSM, the distribution of c(c) quarks in the nth Pomeron chain ( Fig.1(right) ) is, see for example [11] and references therein,
where δ c(c) is the weight of charmed pairs in the quark sea, C
c(c) is the normalization coefficient [12] , α ψ (0) is the intercept of the ψ-Regge trajectory. Its value can be −2.18 assuming that this trajectory α Ψ (t) is linear and the intercept and the slope α ′ Ψ (0) can be determined by drawing the trajectory through the Ψ-meson mass m Ψ = 3.1 GeV and the χ-meson mass m χ = 3.554 GeV [20] . Assuming that the ψ-Regge trajectory is nonlinear one can get α ψ (0) ≃ 0, which follows from perturbative QCD, as it was shown in [21] . The distribution of b(b) quarks in the nth Pomeron chain ( Fig.1(right) ) has the similar form
where α ρ (0) = 1/2 is the well known intercept of the ρ-trajectory; α B (0) ≃ −0.5 is the intercept of the baryon trajectory, α Υ (0)) is the intercept of the Υ-Regge trajectory, its value also has an uncertainty. Assuming its linearity one can get α Υ (0) = −8, −16, while for nonlinear (bb) Regge trajectory α Υ (0) ≃ 0, see details in [17] . Inserting these values to the form for f (x) we get the large sensitivity for the c and b sea quark distributions in the nth Pomeron chain. Note that the FFs also depend on the parameters of these Regge trajectories. Therefore, the knowledge of the intercepts and slopes of the heavymeson Regge trajectories is very important for the theoretical analysis of open charm and beauty production in hadron processes.
The information on the charmonium (cc) and botomonium (bb) Regge trajectories can be found from the experimental data on the charmed and beauty baryon production in pp collisions at high energies. For example, Fig.4 illustrates the sensitivity of the inclusive spectrum dσ/dx of the produced charmed baryons Λ c to different values for α ψ (0). The solid line corresponds to α ψ (0) = 0, whereas the dashed curve corresponds to α ψ (0) = −2.18. Unfortunately the experimental data presented in Fig.4 have big uncertainties; therefore, one can't extract the information on the α ψ (0) values from the existing experimental data. A high sensitivity of the inclusive spectrum dσ/dx of the produced beauty baryons Λ b to different values for α Υ (0) is presented in Fig.5 (left) . The p t -inclusive spectrum of Λ b has much lower sensitivity to this quantity, according to the results presented in Fig.5 (right) . Actually, our results presented in Fig.5 could be considered as some predictions for future experiments at LHC. 3. Charmed and beauty hadron production in pp collisions 3.1. Heavy flavour meson production at high energies The production of heavy mesons like D and B mesons in proton-antiproton collisions at high energies is usually analyzed within the different schemes of QCD. To study these processes within the QGSM we have to include at least one additional graph corresponding to the creation of three chains between quarks in the initial proton and antiquarks in the colliding antiproton, as is illustrated in Fig.6(c) .
The diagrams in Fig.6(a,b) are similar to the one-cylinder and multicylinder diagrams for the pp collision in Fig.1 with a following difference. In the pp collision two colorless strings between quark/diquark (q/qq) in the initial proton and antiquark/antidiquark (q/qq) are created. Many quark-antiquark (q −q) strings for pp collision (Fig.6b) are the same as for the pp collision (Fig.1,  right diagram) . Therefore, the invariant inclusive spectrum of hadrons produced in the pp collision calculated within the QGSM has the following form: where 1 − ω is the probability of contribution of the cut one-cylinder (one-Pomeron exchange) and cut multicylinder (multiPomeron exchanges) graphs (the left and right diagrams in Fig.6 ), whereas ω is the probability of the contribution of the three-chain diagram to the inclusive spectrum. The value of ω can be estimated as the ratio of the pp annihilation cross section σ ann pp to the total pp cross section σ tot pp . The cross section σ tot pp is well known in the wide range of the initial energies to the Tevatron energy, whereas experimental data on σ ann pp are available only for the antiproton initial energy up to 10 GeV, see [24] and references therein. However, some theoretical predictions, for example [25, 26] , show that asymptotically σ ann pp goes to about 2 − 4 mb. It corresponds to ω ≃ σ ann pp /σ tot pp < 0.1 at the Tevatron energy. Note that in addition to the graph of Fig.6c there can be diagrams consisting of these three chains and multicilynder chains between sea quarks and antiquarks. However, as our estimations show, their contribution to the inclusive spectrum is much smaller than the contribution from the three-chain graph (Fig.6c) . Therefore, we neglect it.
The form for the function φ pp n (x, p t ) is similar to φ n (x, p t ) entering into (3) by replacing F (n)
qq (0, p t ) respectively, and replacing F (n) (12) has the following form
The inclusive p t spectra of D 0 and B + mesons produced in the pp collision at the Tevatron energy √ s = 1.96 TeV are presented in Figs. (7, 8) , see [6] . The hatched regions in Figs. (7.8) show the calculations within the NLO QCD including uncertainties [29] . Note that the our calculation showed that the contribution of the three-chain graph (Fg.6c) is very small at the Tevatron energy. It is due to small values of the pp annihilation cross section at very high energies [25, 26] .
3.2.
Charmed meson production at intermediate energies Let us now use the QGSM to analyze the inclusive charmed meson production inpp collisions at not large energies, less than 15-20 GeV because it would be interesting for future experiments at the GSI (Darmstadt) planned by the PANDA Collaboration. At these energies the contribution of the three-chain graph (Fig.6c) can be sizable because the cross section of thepp annihilation is not small [24] . Note that at energies close to the threshold of the D-meson production the binary processpp →DD is dominant, according to [30] . Therefore, the total cross section of D mesons produced inpp collisions at energies starting from the threshold is the sum of cross sections for the Figure 7 .
The inclusive p t -spectrum for D 0 mesons produced in the pp collision at the Tevatron energy √ s = 1.96 TeV obtained within the QGSM [6] (the solid line) and within the NLO QCD [29] (the hatched regions). The experimental data are taken from [27, 28] binary process σp p→DD and the inclusive reaction σp p→DX . The cross section σp p→DD was calculated in [30] within the simple Regge pole model. In Fig.9 the cross sections σp p→DD (dashed curve) and σp p→DX (dash-dotted line and dotted line) are presented as functions of the incident momentum of the antiproton in the l.s. ofpp. The dash-dotted curve corresponds to our calculation of the inclusive processpp → D(D)X with neglect of the graph of Fig.6c (ω = 0) , and the dotted line corresponds to the similar calculation but with the Fig.6c graph included ; the probability for the three-chain graph (Fig.6c) [6] (the solid line) and within the NLO QCD [29] (the hatched regions). The experimental data are taken from [27, 28] [24]. The solid line is the total yield of D mesons produced inpp collision.
Conclusion
We have shown that the modified QGSM including the intrinsic longitudinal and transverse motion of quarks (antiquarks) and diquarks in colliding protons allowed us to describe rather satisfactorily the existing experimental data on inclusive spectra of heavy flavour mesons produced in pp collisions and to make some predictions for similar spectra at LHC energies.
To verify whether these predictions can be re- liable or not we apply the QGSM to the analysis of charmed and beauty meson production in proton-antiproton collisions at Tevatron energies including graphs like those in Fig.6c corresponding to annihilation of quarks and antiquarks in colliding p andp, and production of heavy flavour mesons. We got a satisfactory QGSM description (p t < 10 GeV/c) of the experimental data on p t spectra of D 0 and B + mesons produced in the pp collisions which were obtained by the CDFII Collaboration at the Tevatron [29] .
To describe these spectra and make some predictions for the future LHC experiments in a wide region of transverse momenta one can combine the "soft QCD" (the QGSM) at small values of p t with the NLO QCD at large p t .
At the Tevatron energies the contribution of the three-chain graph (Fig.6c) to the inclusive spectra of heavy mesons is too small, as was shown in [6] ; therefore, it can be neglected. However, at the antiproton energies about a few GeV the three-chain graph contribution is sizable and can amount to 30-40 percent, as is shown in Fig.9 . It has also been shown that at the incident momenta of antiprotons p lab above 8 − 9 GeV/c the inclusive production of D mesons inpp collisions should be included in addition to the binarypp →DD process to get the total yield of D mesons at p lab ≤ 14 − 15 GeV/c. These results would be interesting for future experiments at the GSI (Darmstadt) with the antiproton beam.
We also made some predictions for future LHC forward experiments on the beauty baryon production in pp collisions which can give us new information on the beauty quark distribution in the proton and very interesting information on the Regge trajectories of (bb) mesons.
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